As part of an ongoing NSF-funded effort, materials have been developed for teaching civil engineering infrastructure topics to undergraduate students. These materials are currently being adopted by members of the Center for Infrastructure Transformation and Education (CIT-E) community of practice. CIT-E is a group of faculty from 25 universities in the U.S. and Canada seeking to improve infrastructure education.
There are other goals of the course, but this paper will be restricted to discussing assessment of these three goals. Further background on the course can be found in previously published work. [1, 2, 3, 4] To assess the effectiveness of the course in meeting goals 1 and 2 listed above, a concept map assessment instrument was developed. To assess goal 3, a student survey was developed-the Infrastructure Views Survey (IVS).
Concept Mapping for Assessment of Student Learning in Infrastructure
This section presents a brief description of concept maps, their use in assessing student learning, and how concept maps have been used to assess student learning of infrastructure topics. For a more comprehensive treatment, particularly with respect to the infrastructure course described in this paper, see Roberts et al. [5] Concept maps are diagrams that provide a means of organizing knowledge within a domain by identifying key relationships between concepts in the form of propositions. Novak and Gowin define a concept as "a regularity in events or objects designated by some label" and propositions as "concept labels linked by words." [6] In a concept map, concepts are enclosed in circles or boxes with lines linking related concepts together. A word or phrase is written with the linking line indicating the relationship between the concepts. For illustrative purposes, a concept map about concept maps is shown in Figure 1 .
Concept maps are typically created through a series of steps. [7] These include (a) defining the topic or focus question; (b) identifying the key concepts that apply to this domain; (c) ordering concepts from general to specific; (d) drawing links between concepts; (d) creating phrases that describe the link; and (e) cross-linking concepts in different segments or domains of knowledge on the map. When used for assessment, they can be scored quantitatively through techniques involving counting of concepts, links and propositions and qualitatively based on the overall morphology of the map. [8, 9] As a visual representation of knowledge, concept maps allow instructors to easily scan for key concepts and relationships while also examining changes in structural complexity over time. [10] As an advantage over more traditional means of assessment, concept maps allow for the portrayal of knowledge as "an integrated network, rather than a collection of facts." [11] Additionally, concept maps serve as a means to determine correspondence between novice and expert understanding of a given subject. [7] The infrastructure concept map instrument is typically used as a pre-test and post-test. Student concept maps are scored using a quantitative approach by adding the number of concepts or links in the following six categories:
1. The number of concepts mentioning infrastructure "components" (e.g., roads, bridges, wastewater treatment plants, etc.), 2. The number of infrastructure "sectors" (transportation, structures, flood control, etc.) listed as concepts or implied by the infrastructure components, 3. The number of correct links between technical concepts (infrastructure components, infrastructure sectors, or engineering concepts), 4. The number of concepts for non-technical aspects of infrastructure (e.g., economic growth, ethics, pollution, etc.), 5. The number of correct links between a non-technical concept to any other concept, and 6. The number of engineering concepts (e.g., constructability, design, resilience, etc.).
The six numeric scores from each category can then be compared between the pre-and post-test to determine student learning gains. Detailed instructions for scoring the concept maps are included in Appendix 1. Further details on the development and administration of the concept map assignment can be found in Roberts, et al. [5] Civil and environmental engineering faculty from the lead CIT-E institutions reviewed the instrument to establish face validity of the survey. Expert reviewers provided input on the content, nature of questions and the degree to which the survey measured its intended outcomes.
After expert review, investigators piloted the survey with senior engineering students at the University of Utah. The students were introduced to the survey with the following information:
" Students were put into groups and instructed to pull up the online survey. As a group they viewed each question with one of the group members reading it aloud. Each student individually answered the question. After all members of the group had answered the survey question, the group evaluated each survey question by responding to the following prompts: A student recorded the group comments, which were used to improve the survey.
Using the updated survey, five students at SUU took the survey individually with a one-on-one facilitator present. None of the students were engineering majors. They were given the same introduction as the students at the University of Utah, then they worked through the survey. Each student was asked the following for each question on the survey:
 What do you think the question is asking you to think about?  How does the question look on the screen (ex: cluttered, too much text, easy to read, etc).  Is there anything about the question that you didn't understand?  Were the directions for each question clear?
The facilitator observed each student while completing the survey, looking for places where they seemed to hesitate or seemed to have problems navigating the questions. After finishing the survey, the facilitator asked each student if the survey length was reasonable, if the language was understandable, and if the survey held their attention. Notes from this final round of piloting were used to further improve the survey and create the final version.
While the initial purpose of the survey will be to assess how student attitudes and perceptions of infrastructure change after exposure to the teaching materials, it is anticipated that a modified version of the survey will also be useful in measuring the perceptions and attitudes of the general public regarding infrastructure. The survey will be further refined after the first student results are analyzed. Eventually, the survey could be used to provide valuable information about public perception of infrastructure to policy makers, business leaders, and educators in a variety of disciplines.
The final version of the IVS is included as Appendix 2.
Interpreting Results from the Concept Map and IVS Instruments
The concept map and IVS instruments are intended to assess distinct student outcomes of infrastructure education. The concept map instrument is intended to measure general student understanding of infrastructure and the systems aspects of infrastructure. The IVS was designed to assess students' understanding and appreciation of infrastructure, including the challenges facing policymakers and engineers.
To show the information that can be gleaned by using the concept map instrument, sample results are shown in Figure 2 . These results come from students in a sophomore-level class that uses infrastructure topics to introduce students to the discipline of civil engineering. The instrument was administered as a pre-test before class started and then as part of the students' final exam for the post-test.
The evaluation of the pre-and post-test concept maps followed Pearsall, Skipper & Mintzes [12] in determining the statistical significance in the gain of the number of concepts and links. The radar chart in Figure 2 shows the average student pre-test and post-test concept map scores for each of the six categories. Table 1 gives the results of a student's t-test analysis using the hypothesis that concept map scores would increase from pre-to post-test.
Figure 2 -Pre-and Post-test concept map average student scores for the six categories (n=49).
As can be seen graphically in Figure 2 and numerically in Table 1 , student scores improved for each of the six categories, with several categories showing statistically significant gains. A more detailed analysis of the results is presented by Roberts, et al. [5] 
Table 1 -Average student scores and p-values for the gains in each concept map category (n=49). The p-values were calculated using a student's t-test (one-tail, paired).

Concept Map Category
Pre The IVS has been used in a freshman-level class that introduces all majors (not just engineers) to the engineering field. Infrastructure was one of the modules in the course with 15 lessons (five weeks). Students took the IVS before starting the infrastructure module and then took it again after the module was completed. As part of the IVS, students select a four-digit pin to be entered with the pre-and post-surveys. This allows direct comparison of pre-and post-survey results while maintaining student anonymity.
There are many research questions that could be pursued using the IVS. In this paper results are presented that could be used to investigate three research questions:
Q1. After completing the infrastructure module, do students rate infrastructure systems as more important compared to other government services and products? 
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Q2. Do students feel that infrastructure challenges are more important to their careers after completing the infrastructure module? Q3. How do students' grades * for infrastructure components change after completing the infrastructure module?
Descriptive results are given without statistical analysis because there were only 16 students who completed both the pre-and post-surveys. Several instructors are using the IVS in spring 2016, and it is hoped that the increased sample size will allow reporting of more rigorous analyses.
Ratings of Infrastructure Importance (Q1)
The IVS asks respondents to rate how important different programs and systems are to our current American society. Ratings are scaled from 1, "Not at all important," to 10, "Extremely important." Figure 3 shows how ratings changed for infrastructure systems and other government services and products. The values represent the average of the scores (from 1-10) from the preand post-surveys. Error bars represent one standard deviation. Figure 3 is a subset of the IVS categories (see Appendix 2 for the entire list). Figure 4 compares the average rating for infrastructure systems (items in the "Transportation Systems" and "The Built Environment" sections) to the average rating for other government functions and services ("Government Agencies and Services" and "Social Systems and Programs"). As can be seen, students assigned greater importance to infrastructure than to other government services prior to and after completing the module. Infrastructure importance ratings grew very slightly from pre-to post-survey, while government functions and services held steady. * The idea for infrastructure grades was inspired by American Society of Civil Engineers' (ASCE) "Report Card for America's Infrastructure." [13] Preliminary findings with a small sample size indicate that students came into the class rating certain aspects of infrastructure highly, including roads and bridges, and ratings for their importance remained high after taking the class. Trends in the data suggest that students placed a greater importance on aspects of infrastructure such as non-motorized transportation and rail lines after participating in the class. As the sample size of students taking the IVS grows it will be interesting to examine whether these trends hold true and whether changes in ratings are statistically significant.
Figure 4 -Changes from pre-test to post-test in mean student ratings of importance for infrastructure systems and other government functions and services.
Importance of Infrastructure to Student Careers (Q2)
The IVS poses the statement, "Infrastructure challenges and solutions will be important to my future career." Respondents can choose their level of agreement using a five-point Likert Scale: Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree. Figure 5 shows how the responses changed from pre-survey to post-survey. There was not much change in the number of students agreeing or disagreeing with the statement, but there was a dramatic shift in the numbers from "Agree" to "Strongly Agree." 
"Grades" for Infrastructure Components (Q3)
Inspired by the "Report Card for America's Infrastructure" [13] , the IVS asks respondents the following:
"For each of the infrastructure components below, please select a grade to represent how well you think each is doing in meeting the demands of American society today."
Each of the infrastructure categories from the ASCE report card were listed, and students taking the survey were asked to choose a grade for each from among the responses shown in Table 2 . Student responses were used to create an "average rating" for each component using the "GPA Points" shown in Table 2 (e.g., a weighted average was calculated with each "A" response assigned 4 points, "B" responses assigned 3 points, etc.). Responses of "Don't Know" were not counted in the average rating. A letter grade was assigned to each "average rating" using the following scale: Table 3 , each infrastructure component in ASCE's "Report Card for America's Infrastructure" is listed along with the grade assigned by ASCE, pre-survey and post-survey student average ratings and the corresponding grade, and the number of students responding "Don't Know." The data show a dramatic shift downward in the grading, with the students' average "Overall GPA" dropping a full letter grade from the pre-survey to the post-survey, bringing the student grade in better agreement with the ASCE report card. In addition, the number of "Don't Know" responses drops dramatically from pre-survey to post-survey, perhaps indicating that students are much more confident in rating infrastructure after being exposed to the infrastructure teaching materials. 
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Conclusions
Two instruments have been developed to assess student learning and views of infrastructure. The concept map instrument is used to assess student learning gains as they relate to the interconnectedness between civil engineering disciplines, civil infrastructure, and non-technical and societal aspects of engineering. The concept map instrument has been used for several years at multiple universities and has been helpful in visualizing student understanding of civil engineering and infrastructure. The IVS was developed just recently, and has so far been used in only one class. Initial results indicate that the IVS can be used to answer interesting research questions. As more data are collected, the IVS should help to better understand how students' perceptions of infrastructure change as they are exposed to infrastructure topics. Furthermore, administering the IVS to non-engineers may be helpful in determining public perception of infrastructure and could be helpful for policymakers and infrastructure planners.
Concept Map Rubric Instructions
There are six dimensions to the concept map rubric. Follow the instructions below to determine the "score" for each dimension. Then plot the dimensions on a radar chart. A sample concept map that has been "graded" is provided at the end of this document.
It is imperative that someone with content expertise score the rubrics. It would be very difficult for a non-expert to judge the correctness of links on the concept map. Components: Source of natural resources, sink for pollution 2. Sectors -For each infrastructure component mentioned above determine the sector to which the component belongs and sum the total number of sectors represented. Note: a. The sector (transportation, structures, etc.) does not need to be specifically mentioned to be counted. 
p. Systems
These six categories become the dimensions for a radar chart.
Note: links between two non-technical concepts are not counted.
On the last page is a sample concept map that has been graded using the rubric and the resulting radar chart.
Notes
1. Links originating from the main concept (e.g., "infrastructure") are not considered in the scoring of the concept map. 2. Do not count any concepts without linking words. 3. Do not count civil engineering subdisciplines (e.g., transportation, geotechnical, etc.) as concepts. 4. Links to examples of a concept also not counted (see Figure 2) , although links from such examples to other concepts should be counted.
5. If the Infrastructure Sectors (transportation, structures, etc.) are identified on the concept map, then links from sectors to components are counted as "infrastructure components" and are not also counted as technical links (see Figure 3) . Also, if the component is listed under the wrong sector (as in Figure 3 ) the component is still counted along with its corresponding sector. 6. Apart from the exceptions in items 1 -5, all correct concepts and links should be counted. 7. Each concept should only be counted once, no matter how many times it is mentioned on the concept map.
The concept bubbles "High Rise," "Factories," and "Housing" are specific examples of the "Buildings" component of infrastructure and should not be counted. However, if there were unique links from one of these examples to another concept, those links would be counted. 
and treatment facilities for sewage from domestic and commercial sources.
Levees Definition: Man--made structures along the edge of rivers to control flooding.
Drinking Water
Definition: Facilities to treat drinking water and the pipes that deliver the water to houses and businesses.
( ) Thank you for completing the survey.
